There are 13 hemagglutinin (HA) and 9 neuraminidase (NA) subtypes of influenza A viruses. Most of these subtypes have been recognized in wild avian species (12) , but only three HAs and two NAs (Hi, H2, H3, Ni, and N2) have been recognized in human influenza viruses. The appearance of new subtypes of influenza A viruses can lead to pandemics in humans. For example, the virus A/Singapore/i/57 (H2N2) (Sing/57), whose HA and NA differed from those of previously circulating viruses, emerged in the 1957 pandemic. Another virus, A/Hong Kong/1/68 (H3N2), with a different HA subtype from the 1957 pandemic virus, was isolated in 1968. The genes responsible for the emergence of these new surface glycoproteins are thought to have been introduced from avian species (24) , suggesting genetic reassortment between human and avian influenza viruses. Most other genes of the 1957 and 1968 pandemic strains were derived from previously circulating human viruses. One exception is the PB1 gene of Sing/57, whose origin could not be identified by RNA-RNA hybridization (18) .
The PB1 protein of influenza A virus has been shown to form a complex with the other viral polymerase gene products PB2 and PA (10) and to be involved in initiation of transcription and chain elongation (7, 22, 23) . Snyder et al. (20) have shown that reassortant viruses with avian PB1 and human PA replicate poorly in MDCK cells and in squirrel monkeys but replicate well in avian tissue culture. Thus, the combination of avian PB1 and human PA may not be conducive to interaction with mammalian host cell factors because of amino acid sequence differences between the two types of proteins.
In contrast to convincing evidence that influenza virus genes for surface glycoproteins can be introduced from avian species into pigs (16) and humans (18) , essentially nothing is known about interspecies introduction, species specificities, and evolution of the polymerase genes of this virus. Our aim in the present study was to determine the origin of the PB1 gene of the 1957 pandemic influenza virus, its evolution, and * Corresponding author.
its species-specific amino acid residues that may be important in determining host specificity. Viruses were grown in li-day-old embryonated chicken eggs and purified by differential sedimentation through 25 to 70% sucrose gradients in a Beckman SW28 rotor. Virion RNA was isolated by treatment of purified virus with proteinase K and sodium dodecyl sulfate followed by extraction with phenol-chloroform (1:1), as described previously (5) .
MATERIALS AND METHODS
Cloning of the PB1 gene. Full-length cDNA was prepared by reverse transcription of virion RNA by previously described methods (14) . A The nucleotide sequences were analyzed by the maximum-parsimony method, and an evolutionary tree was constructed ( Fig. 1 Determination of functionally important regions in the PB1 protein. To determine the functionally important regions in the PB1 protein, we aligned the deduced amino acid sequences of the influenza A virus PB1 genes from different hosts (Fig. 2) . All of the PB1 genes have the potential to encode a polypeptide of 757 amino acids. Comparison of the amino acid sequences showed a high degree of homology among all of the influenza A virus PB1 genes; although nucleotide sequence homology was as low as 82%, more than 94% homology was observed in the amino acid sequences. For the 757 amino acid residues of the PB1, amino acid substitutions were observed at 90 positions. Some of these were clustered; for instance, in the regions of residues 152 to 182 and 358 to 401, more than 30% of the residues were variable. By contrast, the rest of the regions were relatively conserved. Some of these regions are also highly conserved by comparison with the corresponding regions of the PB1 gene of influenza B virus (15) , and three of these conserved regions (residues 224 to 243, 266 to 282, and 402 to 421) are relatively wide.
Results of the nucleotide sequence analysis suggest that the PB1 genes of Sing/57, WI/88, and Sw/HK/82 were recently introduced from other species, providing a unique opportunity to identify amino acid substitutions required for adaptation to new hosts. Most of the amino acid substitutions in these viruses do not appear to be important for adaptation because there was no correlation between the host species and the substituted amino acid residues. However, an amino acid substitution that occurred in the WI/88 PB1 at position 375 might be critical for adaptation in the new species. The PB1 of WI/88, which seems to result from the direct introduction of a swine influenza virus into a human, has serine at amino acid residue 375 as in all other human PB1 proteins except those of Beij/56, whereas other HlNl swine PB1 proteins have glycine at position 375 (Fig.  2) . Furthermore, this is one of the positions at which more than three different amino acids are found in the different PB1 proteins. There are other amino acid substitutions found in the W1/88 PB1 compared with swine PB1 proteins (e.g., at positions 175, 214, and 435). However, they do not seem to be important for adaptation of the virus to replicate in humans; the amino acid residues found in these positions differ between the PB1 proteins of W1/88 and other human viruses.
The observations described above show that there are highly conserved regions in the PB1 protein that may be functionally important and that the amino acid residues at 375 might be critical for host specificity of the protein.
DISCUSSION
The influenza virus genes encoding surface glycoproteins can be introduced from avian into mammalian species (16, 18) 
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shown to be introduced from a swine virus (Rota et In contrast to the genes subject to interspecies transfer as discussed above, the PB1 genes of equine viruses evolved independently. At sites of amino acid substitutions, the equine PB1 proteins contain specific amino acid residues at nine positions. However, such species-specific amino acids were not detected in the PB1 proteins of infleunza viruses isolated from humans, birds, and pigs. Whether these residues are functionally important in terms of host specificity or simply reflect the independent evolution of PB1 proteins is unknown. The HA gene of H3N8 equine influenza virus has also evolved independently from other H3 HA genes (14a (2) . The principal motif of the nuclear transport signal is a linear sequence of four or five amino acids containing a proline residue followed by a series of positively charged amino acids. The proposed sequence for the PB1 protein is P(668)KRNRS (2) . This region is conserved in all of the PB1 proteins tested in this study. The PB1 protein of influenza B virus also contains sequence conservation in this region (TKRNRS; 15).
The PB1 protein seems to be involved in the host range specificity of influenza A virus (20) . Therefore, certain amino acid substitutions found among the PB1 proteins from different hosts may play a role in this specificity. Moreover, the nucleoprotein (NP) is involved in transcription of the influenza virus genome (13, 19) , suggesting interaction between the polymerase complex and the NP. Because the NP has species-specific features (4) and has been shown to be a primary gene product responsible for host range restriction (21) , the variable regions found in PB1 could be complementary to those of NP and could also be responsible for restriction of growth in different hosts. These conserved and variable regions may therefore be candidates for functional mapping of the PB1 proteins by in vitro mutagenesis.
